Incorporation of the right ventricle (RV) into the pulmonary circulation of patients with tricuspid atresia undergoing a Fontan procedure has been advocated. (Circulation 1990;81:1811-1817 In the original Fontan operation for tricuspid atresia, the right ventricle (RV) was excluded from the pulmonary circulation.' Since that time, various modifications of the Fontan procedure have been developed.2-8 Some centers have advocated incorporating the RV into the pulmonary circulation, whenever possible, by interposing a valved conduit between the right atrium (RA) and RV.57 Postoperative catheterization studies have demonstrated that these patients have a "ventricularized" pressure tracing within the RV. A prominent "v" wave also appears in the pulmonary artery (PA), reflecting the systolic contractile function of the RV.7-9 Doppler echocardiographic studies have demonstrated significant RV systolic contribution to PA blood flow in patients with RA-RV conduits.9'10 In
Fontan patients. The unpaired Student's t test was used to compare the exercise measurements of the various groups. Multivariate analysis was used to further evaluate the consequences of including a ventricle within the Fontan patient's pulmonary circulation. The following parameters were used as independent variables in the multivariate analysis: preoperative left ventricular end-diastolic pressure, history of systemicpulmonary artery shunt procedures, history of a Glenn shunt, age at time of Fontan procedure, age at time of exercise, and whether the RV was included in the pulmonary circulation. Percent predicted for peak work load was used as the dependent variable. A p value less than 0.05 was considered significant.
Results
The control patients' mean peak work load was 2.80+0.31 W/kg, peak Vo, was 38.0+9.5 ml/kg, and peak HR was 174±17 beats/min. These values averaged 95±23%, 94±23%, and 88+10%, respectively, of predicted values. At peak exercise, the control subjects' arterial oxygen saturation was 96.1±2.0%, 'VE was 1,069±152 ml/kg, and \TE/Vo2 was 28.2±4.0. The results of the progressive exercise tests for the patient groups are summarized in Table 3 . The peak exercise function of the RA-RV and RA-PA groups was similar. Both groups had significantly diminished exercise capacity, performing approximately 60-65% of control for peak work load and peak Vo2. Both Results of the steady-state exercise tests are summarized in Table 4 . A pattern similar to the progressive exercise test was once again seen; no significant difference existed between the RA-RV and RA-PA groups. The cardiac output at any given level of Vo2 was decreased for both Fontan groups compared with control. In contrast, tetralogy of Fallot patients maintained normal cardiac outputs during submaximal exercise (see Figure 1) Figures  2 and 3) .
RA-RV patients with previous Glenn shunts performed less well than the other Fontan patients with regard to VE and oxygen saturation at peak exercise; they did not differ with regard to the other parameters studied. When the patients with previous Glenn shunts were excluded from the analyses, the exercise function of the remaining RA-RV patients (i.e., those without previous Glenn shunts) remained similar to that of the RA-PA patients.
Doppler echocardiography was used to identify those Fontan patients with augmentation of pulmonary artery blood flow during ventricular systole.10 (Nine of the 11 patients in the RA-RV group manifested this echocardiographic feature; none of the RA-PA patients possessed it; see Table 2 ). The presence of this feature had no impact on exercise function. The patients' exact intracardiac anatomy (i.e., tricuspid atresia with normally related great vessels vs. other single ventricle equivalents) was also unrelated to exercise function (see Table 2 ). Oxygen Consumption (mi/kg/min) FIGURE 1. Regression plot of cardiac output vs. oxygen consumption during submaximal steady-state exercise. RA-RV, Fontan Fontan et a122 found the exercise capacity of two p dtients with RA-RV valved conduits to be equivalent to that of 10 patients with RA-PA valved conluits and superior to that of 18 patients with nonvalved RA-RV anastomoses. He also found that the 1`ontan patient's exercise performance was adversely aiflected by the presence of a previous Glenn shunt. ' hlus, factors that could explain the RV's inability 1'.. enhance the exercise performance of the Fontan patient, despite the apparent contribution to resting pulmonary artery blood flow, include 1) the previous Glenn shunts, 2) use of valved conduits to construct the RA-RV anastomoses, and 3) hemodynamic and anatomic features unique to the Fontan patient with a pulmonary ventricle.
Discussion

Presence of Patients With Glenn Shunts
Patients with Glenn shunts are known to develop pulmonary arteriovenous fistulas,23 which may adversely affect exercise function. In addition, bicycle exercise increases blood flow primarily to the lower extremities. In a Fontan patient without a Glenn shunt, this increased venous return would be distributed to both lungs. In the Fontan patient with Glenn shunt, the increased venous return from the lower extremities can flow only to the left lung. This maldistribution of pulmonary blood flow may also impair exercise tolerance. Despite these consideritions, the average exercise performance of the three patients with previous Glenn shunts was only slightly worse than that of the other Fontan patients. It is possible that more significant differences would have emei ged if a larger group had been studied. However. when the three patients with Glenn shunts were excluded from the analyses of this study, the average performance of the remaining Fontan Coles et a129 found that the RV of patients with RA-RV valved conduit connections did perform some mechanical work at rest, the absolute magnitude of the work was small, resulting in a mean PA pressure that exceeded mean RA pressure by only 3.6 mm Hg, a pressure step-up far below the amount achieved by the normal resting RV. These findings suggest that the intrinsically hypoplastic RV of tricuspid atresia, though able to perfuse the pulmonary circulation at rest, simply does not have sufficient myocardium to assume the active vigorous pumping function required of the normal RV during exercise. This appears to explain the differences between Fontan patients with pulmonary ventricles and postoperative tetralogy of Fallot patients. The RV of tetralogy of Fallot patients, though abnormal, is not intrinsically hypoplastic. Unlike the RA or the hypoplastic RV of the tricuspid atresia patient, it can actively assist in the hemodynamic adjustments required by the demands of exercise. Hence, the exercise function of the postoperative tetralogy of Fallot patient is superior to that of the Fontan patient, whether or not a "ventricle" was included in the pulmonary circulation.
In conclusion, the exercise function of the Fontan patient is inferior to that of the tetralogy of Fallot patient and does not appear to be improved by the inclusion of the RV in the pulmonary circulation. The theoretical benefits expected to result from the presence of an active right-sided pumping chamber in the Fontan circulation may be negated by other hemodynamic and anatomic factors that arise as a consequence of this approach. This study indicates that the use of an RA-RV valved conduit, with the likely need for replacement, may not be warranted for most tricuspid atresia patients, although it may be appropriate for a patient with an unusually welldeveloped RV. The role of a nonvalved atrioventricular anastomosis6 in the management of tricuspid atresia remains to be addressed.
